Test scores from a comprehensive neuropsychological battery administered to 1602 subjects consisting of 1347 subjects with probable Alzheimer's disease (AD), 100 subjects with questionable dementia (QD) and 155 non-demented elderly control subjects were cross-sectionally analyzed. Subjects with probable AD were categorized as mild (n 5 244), moderate (n 5 480), severe (n 5 376), and very severe (n 5 247) according to modified mini mental status exam (mMMSE) scores. Mean scores on individual neuropsychological tests are provided for each group of subjects. Stratified random sampling was performed to select a sample of mild AD subjects who were matched in age and education to non-demented elderly controls, and analyses focused on the performance of QD subjects and mild AD subjects, whose scores were compared to those of the elderly control subjects. Selected scores were organized by cognitive domain and logistic regressions were used to determine the domains and individual tests within each that were most predictive of group status. Results suggested a profile of scores associated with QD and mild AD including impaired recall of verbal information for both groups. Areas of lower functioning in QD subjects as compared to elderly controls included category fluency and visuospatial ability. (JINS, 2003, 9, 720-732.) 
INTRODUCTION
While the identification of risk factors associated with Alzheimer's disease (AD), such as age, education, occupational attainment, and genetic factors, has advanced our understanding of the disease, of equal importance is the ability to reliably and accurately diagnose probable AD, particularly in its earliest stages. According to the diagnostic criteria for AD, published in 1984 by a joint consensus conference between the National Institute of Neurological and Communicative Disorders (NINCDS) and the Alzheimer's Disease and Related Disorders Association (ADRDA; McKhann et al., 1984) , a research diagnosis of AD requires dementia confirmed by neuropsychological testing. Because the diagnosis of AD remains one of exclusion, the neuropsychological evaluation represents the "cornerstone" of an AD diagnosis. Furthermore, any studies examining the risk factors of AD rely on its accurate diagnosis.
Research criteria for probable AD include: onset between the ages of 40 and 90, most often after age 65; a dementia established by clinical evaluation and documented by the Mini-Mental State Examination, Blessed Dementia Scale, or some similar examination, and confirmed by neuropsychological tests; deficits in at least two domains of cognition; progressive decline of memory and other cognitive functions; no disturbance of consciousness; and the absence of any other disorders that could account for the progressive cognitive decline (McKhann et al., 1984) . The clinical diagnosis of AD can be achieved with a high level of certainty by determining the presence of dementia, identifying patterns of relatively impaired and intact cognitive abilities, and eliminating other potential causes (Galasko et al., 1994) . Thus the necessity of neuropsychological evaluation in the diagnostic accuracy of AD is clear and the pattern of cognitive impairment associated with AD remains a significant topic that should not be overshadowed by the increased focus on the identification of biological risk factors.
The ability to clinically detect AD in its earliest stages is particularly valuable, especially given the recent advances in pharmacological therapies designed to slow the progression of the disease. While progressive cognitive decline is the hallmark of AD, diagnosing AD in its initial stages is confounded by the gradual cognitive slowing associated with normal aging; in general, both cross-sectional and longitudinal studies report an inverse correlation between age and performance on various neuropsychological tests (Lindenberger et al., 1993; Scherr et al., 1988; Wallace & Collins, 1991) . Age-related cognitive decline is usually characterized by mild impairments in a number of cognitive domains (Petersen et al., 2001) , which are typically manifested as changes in episodic memory, or a reduced ability to learn new information (Craik et al., 1987; Small et al., 1999) resulting from decreased speed of central processing required for the encoding and retrieval of information (Rabinowitz & Craik, 1986) . Working memory is affected (Hultsch et al., 1992; Rabinowitz & Craik, 1986) , while retention usually remains preserved (Petersen et al., 1999; Small et al., 1999) as does implicit memory (Ritchie et al., 1997) . Other changes associated with normal aging include mild deficits in language functioning (naming, verbal fluency), visuospatial abilities, perceptual speed and executive functioning (Rubin et al., 1998; Salthouse, 1989; Schaie, 1989) .
Recently, interest has focused on a group of subjects who are not demented but demonstrate memory impairment beyond that expected for age and education that cannot be accounted for by any recognized medical or psychiatric diagnosis. Functional status may be slightly impaired or not affected at all. This condition has been variously referred to in the literature as preclinical AD, incipient dementia, isolated memory impairment, mild cognitive impairment, and questionable dementia (QD) (Collie et al., 1999; Elias et al., 2000; Flicker et al., 1991; Tierney et al., 1996) . Attempts to define the clinical and cognitive profile of patients with this condition have resulted in an imprecise set of criteria including, among other items, memory complaints documented by the patient or a collateral source, a Mini Mental State Examination (MMSE) score of 24 or higher, and a mildly abnormal score on a clinical scale for the staging of dementia (Celsis, 2000) . The relatively few number of studies examining the neuropsychological performance of QD report impaired memory, particularly on delayed recall tasks (Morris et al., 1991; Tierney et al., 1996) and, more recently, on paired associate learning tasks (Fowler et al., 2002) . These deficits resemble those reported in normal aging studies, demonstrating the need for more in-depth analyses of the cognitive impairment associated with QD.
A number of studies have found that elderly subjects with memory deficits are at an increased risk for developing dementia (Howieson et al., 1997; Rubin et al., 1998; Tierney et al., 1996) and QD has been described as a transitional period of cognitive decline that occurs between normal aging and AD (Petersen et al., 2001) . Results of autopsies performed on patients, who at time of death were characterized as QD, showed histopathological signs associated with AD (Storandt & Hill, 1989) . In fact, some investigators question the distinction between QD and AD, reasoning that QD is neuropathologically identical to AD (Morris et al., 1991) , while others emphasize that not all QD patients necessarily progress to AD (Daly et al., 2000; Grundman et al., 1996; Petersen et al., 1999) . Celsis (2000) estimates the conversion rate from QD to AD as approximately 12% per year and points out that this rate is 10 times higher than the incidence of dementia in the general population. Consequently, the classification of QD is paramount to the ability to differentiate between normal age-related cognitive changes and those that are characteristic of QD and AD (Doody et al., 2001; Petersen et al., 2001) .
A comparison of the neuropsychological performance characteristic of normal aging, QD and mild AD can assist in diagnosis, whether aiming to differentiate QD and mild AD from normal aging or from dementias of different etiologies. Earlier studies have assessed the sensitivity and specificity for differentiating AD subjects from normal elderly subjects and those "at risk" for AD within a communitybased sample (Cahn et al., 1995) and compared the test scores of AD patients to those of other dementia groups (e.g., Connor et al., 1998; Gainotti et al., 1998) . To date, however, no study has examined the scores from an entire diagnostic battery across a clinically based sample of nondemented elderly subjects, QD subjects, and AD patients of varying severity. The purpose of the present study was to cross-sectionally analyze a large body of neuropsychological scores obtained from archival data on these groups. One benefit of such a study lies in the diagnostic utility of providing raw neuropsychological scores for each subject group. Given the large size of the sample of AD patients alone, these scores will hopefully provide other clinicians with a framework to reference when examining older patients for whom memory impairment is a presenting problem. Of particular interest to this study are the differences in performance demonstrated by QD patients and mild AD patients as compared to non-demented elderly controls across cognitive domains as well as on individual neuropsychological tests. Analyses of these scores allow us to differentiate the cognitive performance of elderly individuals with possible age-related deficits, currently considered within the context of normal aging, from that of questionable dementia or early manifestations of AD.
METHODS

Participant Selection and Classification
Subjects were either selected from a continuous series of patients referred to our Memory Disorders Center or were recruited for a study of controls (total N 5 2762). Figure 1 illustrates the subject selection process. All subjects were English-speaking. Those subjects for whom English was a second language were excluded (n 5 243). Subjects were diagnosed according to strict ADRC criteria based on full clinical evaluation and extensive neuropsychological testing. All subjects were administered a modified version of the Mini-Mental State Examination (Folstein et al., 1975) , the procedures for which have been reported (Mayeux et al., 1981) . In addition, each subject was evaluated by a physician on measures of functional capacity including the Blessed Dementia Rating Scale (BADL; Blessed et al., 1968) and the Schwab and England Activities of Daily Living Scale (Schwab & England, 1969) . These interviews were completed with the subject, an informant, or both. A physician conducted a standardized physical and neurological examination. All ancillary information, including standard laboratory measures used in dementia diagnosis (such as Fig. 1 . Subject selection process.
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E. Caccappolo-van Vliet et al. chemistry, CBC, VDRL, TFTs and B 12 levels), CT scans, MR images and functional imagings if available, were included in the evaluation. All subjects received a comprehensive neuropsychological evaluation as described below. Information from these evaluations was presented at a diagnostic conference of physicians and neuropsychologists, and a consensus diagnosis was made. The diagnosis of dementia was defined according to DSM-III-R criteria (American Psychiatric Association, 1987) and required evidence of neuropsychological deficit and impairment in social or occupational function as evidenced by the formal functional assessments, elicited history, or both. When dementia was diagnosed, all available data were evaluated to determine the type of dementia present. The criteria of the NINCDS-ADRDA were used for the diagnosis of probable or possible AD or other dementias, and CDR scores were applied. Possible and probable AD subjects included those with sufficient functional and cognitive impairment. Subjects diagnosed with non-Alzheimer dementia (e.g., frontal lobe dementia, Creutzfeldt-Jakob disease, Huntington's disease) were excluded (n 5 506), as were subjects diagnosed with probable AD and any other concomitant disease (e.g., stroke, Parkinson's disease; n 5198).
AD patients were divided into subgroups of disease severity based on their scores on the modified MMSE (mMMSE; range of 0-57). Specifically, 277 subjects with mMMSE scores between 45 and 36 were classified as mild AD. Because we performed stratified random sampling to select a subsample of non-demented elderly controls and mild AD subjects who were matched on age and education (described in detail in the Statistics section), the total number of mild AD subjects was reduced to 244. AD subjects with MMSE scores between 35 and 26 were classified as moderate (n 5 480), between 25 and 16 as severe (n 5 376), and between 15 and 11 as very severe AD (n 5 247). It is important to note that the AD subgroups were labeled as mild, moderate, severe and very severe solely for the purposes of this study; therefore, they reflect mental status levels only and do not necessarily correspond with other such descriptors used in previous studies.
A diagnosis of QD was determined by consensus if a patient scored 45 or greater on the mMMSE, was assigned a CDR score of 0.5 by the examining neurologist, and fulfilled one of the following criteria: (1) insufficient cognitive impairment for a diagnosis of dementia; (2) sufficient cognitive impairment, but insufficient functional impairment for dementia. The diagnosis of QD was based on cognitive impairment across all domains and thus not limited to memory. For the purpose of this analysis, subjects assigned a CDR score of 0.5 but with significant functional impairment (defined as a positive score on the basic ADL section of the Blessed) were excluded (n 5 53). A positive score on the instrumental ADL section of the Blessed was not considered to reflect significant impairment, and therefore subjects who endorsed any of the questions from this section of the questionnaire were included in the QD group. Subjects diagnosed with QD whose cognitive difficulty was attributed to stroke (n 5 9), depression (n 5 21), psychosis or other psychiatric syndrome (n 5 3), epilepsy (n 5 2), Parkinson's disease (n 5 3), alcohol (n 5 3), drug abuse (n 5 2), or head trauma (n 5 1) were also excluded from the current analysis.
Subjects judged to have neither dementia nor QD were classified as non-demented elderly controls (n 5 230). Again, due to stratified random sampling performed within the non-demented elderly control and mild AD groups, the final QD group was reduced (n 5 155).
All control subjects were age 55 and older, were assigned a score of zero on the CDR scale, and had mMMSE scores greater than 45. Subjects determined to have depression, psychiatric syndrome, or substance abuse were excluded from this group (n 5 8). This group, as well as the QD group, includes some individuals who came to medical attention because they or others perceived a problem, but this is representative of non-demented elders who present for diagnostic neuropsychological evaluation.
Neuropsychological Evaluation
The neuropsychological battery used in the present study was comprised of measures used to assess cognitive functions typically affected in dementia and included tests of verbal and nonverbal memory, language, attention, visuospatial ability and abstract reasoning. Written informed consent was obtained from all subjects prior to testing. All subjects were administered a "core" battery, the development of which has been described (Stern et al., 1992) . A subset of subjects with mini mental scores over 35 were also administered additional tests, referred to as a "long" battery. In general, patients scoring below 35 on the mMMSE do not require these additional tests to assess the presence of dementia; likewise, they are often unable to complete such a lengthy, complex test session. Tests from the long battery include the Wechsler Adult Intelligence ScaleRevised (WAIS-R; Wechsler, 1981) and selected subtests from the Wechsler Memory Scale-Revised (WMS-R; Wechsler, 1987) . Specific analyses were performed on a subset of tests that were selected from both the core and long batteries to represent specific cognitive domains. However, all test scores are presented for the purposes of providing raw score means for a large sample of subjects on various neuropsychological tests. The tests used in the analyses are described below:
Memory
The Selective Reminding Test (SRT; Buschke & Fuld, 1974) was used to assess word list learning and verbal memory. Subjects were given six trials to learn a list of 12 unrelated words. After each attempt at recalling the list, the subject was reminded only of the words that were not recalled and then asked to attempt to again to recall the entire list. The number of words learned over six trials, or the total recall score, was used to assess short-term verbal memory. Sub-jects were asked to recall the original list following a 15-min delay. The number of words recalled at this time was used to determine delayed recall. After completing the SRT, recognition of words that were not recalled was then tested with the use of multiple-choice arrays. This score was used as a measure of delayed recognition.
The Logical Memory I and II subtests of the WMS-R (Wechsler, 1987) were used to assess verbal memory as well. For this test subjects listened to two short stories after which their recall was tested (immediate recall) and again following a delay of 15 min (delayed recall).
The Visual Reproduction I and II subtests of the WMS-R were used as measures of nonverbal memory. Subjects were shown four designs and asked to draw each from memory (immediate recall). Following a 15-min delay the subject was instructed to again reproduce each design (delayed recall).
A multiple-choice version of the Benton Visual Retention Test (BVRT; Benton, 1955) was used to assess nonverbal memory in a format that did not rely on constructional abilities. The subject viewed a design for 10 s. The design was then removed and the subject was asked to recognize the design in an array that included three distracters. Ten stimulus items were used, corresponding to Form D of the original Benton Visual Retention Test.
Language
On the Boston Naming Test (BNT; Kaplan, 1983) , a test of word-finding ability, the subject was presented with 60 line drawings of objects and instructed to give the objects' names. If unable to name an object after 20 s, a semantic hint was offered by the tester. If still unable, the subject was then provided a phonemic clue. A 15-item version of this test was administered to patients with mMMSE scores less than 35 (the results of this version are found in Table 3 ), but scores from the full BNT were used for the present study.
The Controlled Oral Word Association test from the Multilingual Aphasia Examination (Benton & Hamsher, 1976) was used to assess verbal fluency. Here, the subject was given one minute each to name as many words as possible, beginning with the letters C, F, and L. The mean of the raw scores on all three trials was used.
On the Category Naming test the subject was instructed to name as many items within a specified category as possible. One minute was allowed for each of the three categories: animals, food, and clothing. Scores were expressed in terms of the mean of the raw scores on all three trials.
The high frequency items from the Repetition of Phrases subtest of the Boston Diagnostic Aphasia Evaluation (BDAE; Goodglass, 1983) were used. On this test, subjects are asked to repeat phrases read by the examiner. The total number of correctly repeated phrases was used.
Attention
The Digit Span, Digit Symbol, and Arithmetic subtests of the WAIS-R were used as measures of freedom from distraction. Raw scores from all of these subtests were used, and the sum of the Digit Span forward and reverse raw scores were used to represent the Digit Span score.
Two timed paper and pencil tests, or Cancellation Tests, were used. For each, a single page with a target stimuli appearing at the top followed by rows and columns of the stimuli was administered. One form of the test (shape) featured a diamond shaped stimulus, which the subject was instructed to cross out as quickly as possible. In the second form, the target was a group of letters (TMX ). While speed was recorded (the results of which are presented in Table 3 ), for this study performance was measured as the number of items incorrectly omitted for each form of the test (omits).
Visuospatial ability
The Block Design and Object Assembly subtests of the WAIS-R were used. The Block Design test requires the subject to reproduce a series of designs using red and white colored blocks within a time limit, while the Object Assembly test involves placing pieces together, as in a puzzle. Raw scores on both tests were used in this study.
On the Rosen Drawing Test (Rosen, 1981) , a test of graphomotor construction ability, the subject copied five designs that were selected from the original Rosen Drawing Test to span a range of difficulty from simple shapes and topological concepts to overlapping, Euclidean, and threedimensional designs. The total score was used for this analysis.
The matching subtest of the Benton Visual Retention Test was used. For each of ten items, the subject matched a larger picture to one in an array of four smaller pictures. Items corresponded to Form C of the original Benton Visual Retention Test.
Abstract reasoning
A subset of questions from the Similarities subtest of the WAIS-R were used. This test required the subject to identify relevant similarities between pairs of items. Raw scores were used.
For the Identities and Oddities subtest of the Mattis Dementia Rating Scale (Mattis, 1976) , the subject was asked to identify which two of three items were the same. After eight trials were completed, the same items were administered again, with the subject identifying the one item that was different. The total number of correct items were combined to determine the score.
Statistics
Stratified random sampling was applied to the elderly control and mild AD groups to select a sample of subjects who were matched in age and education. As a result, the size of the control group was reduced from 230 to 155, and the mild AD group was decreased from 277 to 244.
Two general sets of analyses were performed. In the first, descriptive data from all six groups was examined. One way analyses of variance and Tukey HSD post-hoc tests were used to compare the continuous demographic vari-
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E. Caccappolo-van Vliet et al. ables, functional scores, and mean scores on each test from both the core and long battery across all six groups. Because the long battery was not administered to the severe and very severe subjects, these groups were not included in the ANOVAs run on the long battery data. Chi-square analyses and Duncan's multiple range post-hoc comparisons were used to assess the gender groupings of the subjects.
To examine the possibility of pre-existing cognitive differences between groups, estimates of premorbid IQ were obtained for control subjects by applying the Barona equation, a demographically based index of premorbid intelligence (Barona et al., 1984 ; see Appendix A for exact regression equation). One way analyses of variance were used to compare the elderly controls' estimated verbal IQ scores to their WAIS-R verbal IQ scores, and also to compare the Barona estimated scores between groups.
For the second set of analyses, data from three of the six original groups was used: elderly controls, QD subjects, and mild AD subjects. Individual neuropsychological test scores of the QD and mild AD groups were transformed to create z scores using means and standard deviations of the elderly control subjects based on the procedure described by (Huff, 1987) . The purpose of creating z scores was twofold: it permitted us to compare performance across groups on individual tests within cognitive domains and to form composite scores for each domain. Composite scores were created by averaging the z scores of individual tests selected as representative of each domain (memory, language, attention, visuospatial ability, and abstract reasoning), as performed in previous examinations of the cognitive deficits of AD (Becker et al., 1994; Huff et al., 1987) .
Two sets of analyses were conducted to predict the categorical outcome of group membership. First, the five composite domain scores were used as covariates in two separate logistic regressions to determine which domains best differentiated between (1) elderly control subjects and QD subjects, and (2) elderly control subjects and mild AD subjects. Age and education were included as additional covariates and the variables were entered into the analyses using a forward stepwise procedure.
For the second set of analyses, two separate logistic regressions were conducted on the individual neuropsychological test data within each domain to determine those most predictive of group status. In light of the fact that individual tests often make demands on a variety of cognitive skills, we included all of the tests used to create the 5 domains, regardless of whether a particular domain remained in the initial logistic regression equations. Therefore, for each of the five domains, two stepwise forward logistic regressions were used, with group as the dependent variables (control vs. QD, control vs. mild AD). The mean z-scores obtained by each group on those tests within the domain, as well as age and education, were entered as the covariates.
RESULTS
Demographic values, mean mMMSE scores, CDR scores, and mean functional ADL scores are presented in Table 1 . Because we used stratified random sampling, the three groups of primary interest to our analyses did not differ in age. The three remaining groups of AD patients were significantly older. Education differences were found, with education decreasing in the moderate, severe, and very severe groups. Again, our sampling procedure resulted in equal levels of education for the elderly controls and mild AD patients. QD patients, who were not involved in our sampling procedure, had similar levels of education to both elderly controls and mild AD subjects. Mental status scores and functional scores reflect our classification criteria and are included only to illustrate this process.
The mean neuropsychological scores from the core battery are presented in Table 2 , and the scores from the long battery can be found in Table 3 . These scores are provided for descriptive purposes and provide a reference for the pattern of mean scores seen on this comprehensive battery. Results of the univariate ANOVAs on the mean core and long battery scores illustrate that QD subjects performed no differently from normal controls on some tests, and similar to mild AD patients on others. The elderly controls' estimated verbal IQ scores did not differ from their actual WAIS-R VIQ scores (114.7 6 7.3 vs. 115.0 6 12.5, respectively), thus we can assume that the Barona equation provides a valid estimate of premorbid cognitive functioning. Based on this assumption, results of the between-group analysis on WAIS-R VIQ scores reveal that the premorbid functioning of the elderly control subjects was significantly higher than that of the moderate AD group ( p , .01), (but not the QD and mild AD group). See Table 4 for comparison of Barona estimated VIQ scores across groups.
The z scores constructed for our logistic regression analyses can be found in Table 5 . For the analysis comparing the neuropsychological scores of the control subjects and QD subjects, Table 6 shows that only the memory domain contributed to the regression model (OR 5 2.8, CI 5 1.5-5.0). This odds ratio indicates that after adjustment for other variables in the model, for every unit decrease in the memory domain score, the odds of being in the QD group are increased almost three-fold.
Results of the analysis comparing control subjects and mild AD patients revealed that the memory domain provided the greatest contribution to the model (OR 5 11.0, CI 5 4.9-25.1), followed by the abstract reasoning domain (OR 5 4.1, CI 5 1.3-12.6). These odds ratios reveal that for every unit decrease in the memory domain score, a subject is 11 times as likely to be in the mild AD group, and for every unit decrease in the abstract reasoning domain, these odds are increased 4 times. Table 7 contains the odds ratios and confidence intervals for the logistic regressions conducted on individual neuro- 7.8 (6.1) [43] 4.5 (5.8) [7] Values are means 6 standard deviations. Values in brackets represent number of subjects. Analyses reflect differences at the .01 level for comparison of four of the six groups (due to small n sizes in the severe and very severe groups, they were excluded from analyses) . Values with different superscript letters differ significantly on post-hoc testing. egory fluency score was the only test to be retained in both models. When the attention domain was analyzed, the Digit Symbol, Digit Span, and Cancellation (shape omits) tests contributed to the model that differentiated between control and mild AD subjects, while only Digit Symbol separated the control and QD subjects. Within the visuospatial domain, Block Design was the only test score to contribute to the model differentiating control and mild AD subjects, while none were retained in the model separating control subjects and QD subjects. Finally, the comparison between controls and mild AD subjects for the abstract reasoning domain revealed that both the Similarities and Identities and Oddities tests were effective at predicting group membership, while no tests were retained when comparing controls and QD subjects.
DISCUSSION
The intention of this study was to compare, cross-sectionally, the neuropsychological scores of a very large clinically based sample that included AD patients of varying severity, QD subjects, and non-demented elderly controls. Neuropsychological functioning was assessed by means of a test battery typically administered in specific dementia evaluations that provided a standard data collection procedure for obtaining scores for all subjects on the same variables (i.e., "core battery"). Additional measures were administered when appropriate, given the mental status of the examinee, and included tests used in most neuropsychological evaluations (e.g., WAIS-R, WMS-R). All tests were assembled so as to best measure functioning across verbal and non-verbal, and auditory and visual modalities. One of the primary goals of the study, given its large scope, was to provide, in an accessible form, mean scores for each group of subjects with the assumption that other clinicians could refer to these scores when examining older patients for whom memory impairment is a presenting problem.
A second goal of this study was to compare the neuropsychological performance of subjects with QD (who are not demented but demonstrate cognitive impairment beyond that expected for age and education) and mild AD to that of non-demented elderly controls, whose performance reflects age-related cognitive decline, or "normal aging" effects. This objective was achieved by performing logistic regressions on cognitive domains and individual tests within 
Elderly Controls and QD Subjects
Our results illustrate that compared to that of non-demented elderly individuals, the memory performance of QD subjects was most predictive of group membership. An analysis of specific memory measures revealed that delayed recall of a list of words best differentiated QD subjects from controls, suggesting that acquisition of verbal information, both in list form and in meaningfully organized story form, is relatively intact. Recognition performance and recall of nonverbal information also did not differentiate the groups, leading us to conclude that the lower memory performance in QD patients, as compared to non-demented elderly controls, is restricted to the retrieval, or delayed recall of verbal information organized in list form. While our regression model predicting membership into the QD or elderly control groups did not retain any domains other than memory, our regressions using individual test comparisons revealed additional predictive tests within the language and attention domains. Category fluency was found to contribute to the model predicting QD or elderly control membership. The fact that phonemic fluency performance was not retained in the model illustrates the higher sensitivity of category fluency measures as compared to letter fluency due to the semantic knowledge required for the former (Butters et al., 1987) . This difference has been demonstrated repeatedly in AD samples and has been shown to discriminate between normal controls and mild AD patients (Monsch et al., 1992) .
Membership in the QD group was also predicted, in part, by the Digit Symbol test, a measure requiring the subject to "attend to, process, and remember" (Wechsler, 1981) . Other attention measures were not retained, however (i.e., Digit Span, Arithmetic), suggesting that the additional processing component involved in the Digit Symbol test, as well as the psychomotor speed component, may have contributed to the lower performance of the QD group. When we consider that decreased psychomotor speed is associated with AD (Storandt & Hill, 1989) and worsens with the severity of dementia, our finding of decreased Digit Symbol performance for the QD subjects suggests that this measure may provide a sensitive means of differentiating QD from normal aging. Overall, these results support previous findings in regard to the cognitive deficits characterized in QD, such as delayed recall (Petersen et al., 1999) . They are also consistent with structural abnormalities identified among QD and MCI patients with abnormal memory, including decreased volume in the hippocampus (Wolf et al., 2001) , parahippocampal gyrus, entorhinal cortex, and superior temporal gyrus (Killiany et al., 2000; Visser et al., 1999) . The presence of the category fluency and Digit Symbol tests in the regression models represent areas rarely reported in studies of QD; nonetheless, our results are not surprising given reports of impairments in these areas in previous studies of AD (Masur et al., 1990; Monsch et al., 1992) . We can conclude, then, that subtle deficits may arise in these areas within QD subjects.
Elderly Controls and Mild AD Subjects
While two domains, memory and abstract reasoning, best differentiated the elderly control and mild AD groups, further analyses revealed reduced performance for the mild AD subjects on tests within each of the five domains. Deficient delayed recall of list-organized material and immediate recall of stories (representing meaningfully organized material) distinguished the mild AD group within the memory domain, consistent with the well-established finding of decreased ability to learn new information in AD (Morris et al., 1991; Welsh et al., 1991) . The abstract reasoning domain provided the second greatest additional contribu- tion to the equation for group membership. Both the verbal (Similarities) and nonverbal (Identities and Oddities) measures used in this domain were lower in the mild AD group, providing a robust illustration of this impairment early in the disease. Performance on category fluency, the same language test that differentiated the QD subjects from elderly controls, also differentiated the mild AD group from controls. As expected based on previous findings (e.g., Monsch et al., 1992) , letter fluency performance was not retained in the model. Within the attention domain, the mild AD subjects demonstrated lower performance on three of the four measures, including the Digit Symbol test, which was discussed earlier in the comparison of QD and elderly control subjects. However, for the mild AD subjects, auditory attention was also affected (Digit Span), as was visual scanning ability (Cancellation). These findings are in line with longitudinal studies of mild AD patients who demonstrate deficits on tests with attention components (Haxby et al., 1988) . In the visuospatial domain, the only test that differentiated mild AD patients from elderly controls was a measure requiring visual organization, problem solving and psychomotor speed (Block Design). Since this test involves such a variety of components, it is difficult to determine which specific abilities may be compromised.
As expected, our study demonstrates greater overall cognitive impairment in mild AD compared to QD or normal aging, with a specific deficit in free recall of recently acquired information. These results are in line with pathological findings in the early stages of AD, when medial temporal limbic areas, particularly hippocampal atrophy and entorhinal cortex volume, are affected; atrophy in neocortex areas is typically associated with increased disease severity (Jack et al., 2002) . Although it is clear that cognitive decline in AD is progressive, the heterogeneity of deficits and variability between patients is well known (Mayeux et al., 1985) . Measuring cognitive functioning at one point in time did not allow us to predict the rates of progression for impairment. Nonetheless, we have the ability, due to our large sample size and comprehensive test battery, to provide descriptive profiles of those tests found to be most helpful for differentiating between QD and mild AD without the confounding effects of normal aging. Specifically, AD subjects demonstrated deficient learning of both semantically organized (Logical Memory I) and list-organized verbal material (SRT Total Recall), as well as deficient delayed recall of verbal (SRT Delayed Recall) and nonverbal material (Visual Reproduction II). Category fluency was lowered (while letter fluency remained relatively preserved), as was performance on tests of attention (Digit Symbol, Cancellation (number of omits), Digit Span) and visuospatial ability (Block Design). Finally, abstract reasoning was deficient (Similarities and Identities0Oddities). QD subjects demonstrated a subset of these deficiencies when compared to elderly controls, with impairment on delayed recall of list items (SRT delayed recall), Category Fluency, and Digit Symbol (see Table 7 ). These profiles support previous findings regarding the cognitive deficits associated with mild AD and QD, particularly impaired delayed recall of verbal information. The superiority of category fluency over letter fluency in differentiating early AD patients from healthy elderly (Monsch et al., 1992) was also demonstrated in our study, both for our mild AD and QD subjects. As previously indicated, this result, combined with our finding of reduced performance on the Digit Symbol test in both QD and mild AD subjects, suggests that delayed recall may not be the only function affected in questionable dementia; that is, attention and psychomotor speed may represent additional cognitive areas affected.
The present study includes a number of limitations. Because the clinical criteria for QD are imprecise, the QD subjects in this study represent a heterogeneous group. For the purposes of this study a positive score on the instrumental section of the Blessed was not considered to be reflective of functional impairment, since these items are frequently endorsed by both normal and memory-impaired respondents. For example, on a question from the Blessed that inquires about trouble around the house "like cleaning, doing the laundry, cooking . . . and other chores," 21% of the elderly controls and 27% of the QD subjects responded positively. It is important to point out that within these two subject groups, Blessed interviews were typically conducted with the subject; in contrast, information regarding the functional status of the four AD groups was more often provided by the subject with an informant (e.g., a caregiver) or by an informant alone. Ratings provided by a caregiver or informant may be biased, resulting in under-or over-estimation of patient's functioning (DeBettignies et al., 1993) . Since functional status was more often self-reported by elderly control and QD subjects, the possibility that they overestimated their functioning or were unaware of their deficits must be acknowledged in light of the diagnostic criteria used in the present study.
A second issue in regard to group selection requires clarification. The neuropsychological scores that were used to determine diagnosis and thus group membership are the same scores that were used in this study to identify specific domains of impairment across groups. While this process may be considered circular in nature, we feel that this method represents a valid means of examining the data given the goals of the present study.
Because our selection of neuropsychological measures was constrained by the availability of tests from our archival data, we did not include tests of executive functioning in our analyses. Since executive dysfunction is commonly considered in the context of intact function in other domains, we have typically not relied on this domain for the evaluation of patients with Alzheimer's disease. Nonetheless, at least one study has reported that specific executive function tests were impaired in mild AD patients (Lafleche & Albert, 1995) . The fact that our battery did not incorporate tests of this particular domain limits our ability to comment on all cognitive abilities, and additional research should assess whether tests other than those used in this study might prove more sensitive to the cognitive functioning differences between normal aging, QD, and mild AD. The present
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E. Caccappolo-van Vliet et al. study provides a framework of neuropsychological scores associated with age-related cognitive decline, QD and mild AD, which can be referenced by clinicians in the evaluation of elderly populations.
